There is still little agreement on the value of frontal leucotomy in the treatment of chronic psychiatric illness (Pippard, 1962) . A familiar feature of this uncertainty is the contrast between the enthusiasm of the authors of uncontrolled studies (Pippard, 1955; Scoville, 1960; Sargent and Slater, 1963; Birley, 1964; Sykes and Tredgold, 1964 ) and the scepticism of those who have included a matched untreated group (Robin, 1958; McKenzie and Kaczanowski, 1964 ; Brit. Med.
J., 1965). Thesecontrolled series wereonly
concerned with â€oe¿ standardâ€• leucotomies, which are now generally abandoned. All studies, including those of modified leucotomy, ex amined heterogeneous psychiatric disorders and concentrated on their final state rather than their progress towards it. This approach may obscure important differences both in type of disorder and stage of follow-up.
In this retrospective study we have compared the progress of phobic patients who had a modified leucotomy with that of matched controls; this has been done serially at several stages of follow-up. Our study differs from other controlled reports in that it finds favourable results in a highly selected disorder.
Tmt PATIENTS
The essential criterion for inclusion in this trial was the presence of severe phobias and general anxiety before a first leucotomy. Cases were excluded in which these phobias were part of a depressive or paranoid illness.
This criterion was satisfied by 22 patients treated in two hospitals between 1952 and 1962. Of series A* (n=13), i i had a modified pre * Hospital A was St. Thomas's Hospital, Hospital B was The Maudsley Hospital.
frontal leucotomy (Jackson, 1954) one had a rostra! â€oe¿ Gâ€• (McKissock, 1951) and one had an orbital undercut (Knight, 1960) . Of Series B (n=9) all had a bimedial leucotomy (Falconer and Schurr, 1959) . Ten patients of Series A are included in a larger uncontrolled study already reported (Birley, 1964) .
Matching
The two series were matched separately with control patients. Controls were derived from a search of phobic patients in hospital B between 1954 and 1963. Notes of 400 phobic patients were obtained; from these, 33 were found with characteristics suitable for matching with each series.
Every case in each series was matched individually with
a control on the basis of the following features. symptoms, sex, whether in-patient or in Day Hospital, similar age at treatment, and symptom duration. Matching was done blindly by someone unaware of the identity of the patients. Each series was closely matched separately; as only i6 fully suitable controls were available, there was some overlap across the series. Table I shows that both series corres ponded closely on all matching variables.
Clinical Features
All patients had severe agoraphobia of many years' duration, together with pronounced general anxiety. The term agoraphobia is used here to describe fears of going out in streets, shops, crowds, lifts, cars, trains, tunnels, bridges or of remaining alone at home, in varying com binations. Several patients in each group had depression or obsessions at some stage of their illness. Ratings (Tables II and III) show that the series were well matched for severity of phobias and general anxiety. Before treatment both leucotomy series had a poorer work adjustment.
There had been previous psychiatric ad nussions, in 21 of the leucotomy cases (g@ per cent.) compared to 12 control cases (75 per cent.). This is not surprising, since leucotomy is usually done in phobic cases only after other treatments have failed. The patients had already received various drugs, insulin, E.C.T., abreaction, psychotherapy and behaviour therapy.
Family and personal histories of leucotomy and control patients were similar. They generally came from stable families, had no special ordinal position, and had an average education and work record prior to their dis sociable extraverts to shy, anxious, isolated personsâ€"more were of the latter type. The backgrounds of these patients resembled those of the agoraphobic patients previously described by Marks and Gelder (1965) .
METHODS OF FoLLow-uP AND RATING
The methods of rating derived from previous studies (Cooper, 1963; Cooper, Gelder and Marks, 1965; Marks and Gelder, 1965) with certain modifications. Ratings were made on extracts from the notes at the following points in time: immediately before treatment, at three months after leucotomy (or for controls, after discharge from their index admission), and after one, three, five, and ten years, depending on length of follow-up. At each point in time extracts were made separately for the following categories:
phobias, general (non-situational) anxiety, depression, obsessions, work and social activities. These extracts gave no clue to the nature of the patients' treat ment, and were submitted to two raters who worked independently and did not know the identity of the patients. Ratings were made on 5-point scales for each category of function, each assessor giving a first and second preferred rating for tach judgment.
Each assessor also rated every patient on a 5-point scale for â€oe¿ leucotomy effectsâ€• as understood by each assessor. The 5 points on the scales were: iâ€"normal function;
2â€"mildly disturbed; 3â€"moderately disturbed; 4â€"severely disturbed, disabled; doctor saw 14 of the leucotomy and 9 of the control patients. Information on phobias and general anxiety was available for most points in time, but information about the other categories was often less complete. Where depression or obsessions were never mentioned in the notes they were assumed to be absent. When preparing the extracts forrating, allsources ofinformation were pooled.
All patients were followed for at least five years where this period had elapsed, except one control who was not traced after two years. Mean follow-up was six years; the range was two to thirteen years.
Where the two assessors disagreed on their first pre ferred rating, agreement on a second preference was generally found. Disagreements on these were settled by a third independent rating, and failing that, by taking the worse rating. Such disagreements were found in only 2@6 per cent. of all judgments of phobias, 4.2 per cent. of all judgments of general anxiety, and 3@g per cent. of judg ments of depression, but were found is' 9.4 per cent. of judgments about work. Good agreement was therefore obtained on symptoms, but not on work ratings; this reflected the incomplete information about work records.
RESULTS
A. Mean ratings serially over time The significance
of differences between groups was tested by analyses of variance. A simple split plot design was used, with Box's test (Greenhouse and Geisser, 1959) to correct the degrees of freedom. The groups by occasion F ratio indicated the significance of the differ ence in trends between each pair of groups under consideration; t-tests showed on which oc casions this difference between groups was sig nificant. Results in each series were tested separately before combining them. * (i) Phobias (Table  hA ,
Phobias diminished more in leucotomy than in control patients, and this trend was more marked in Series B. Phobias continued to improve up to one year after operation in Series A, and up to three years in Series B. Control patients improved less after treatment, and less during follow-up.
In the smaller series B the difference in trends was not significant, but it was significant in the larger series A, and in the combined group (p< .05). With the combined group differences between means were significant at three months (p< â€˜¿ 02), and at one and three years (p<-oi).
(2) General Anxiety (Table  JIB and Anxiety had improved maximally at three months follow-up in both Series A and B. This contrasts with the change in phobias, which continued to improve after three months. It also contrasts with the finding in control patients, in whom the reduction of anxiety was not maximal at three months. Overall changes in both series were greater after leucotomy than after control treatments, the difference in trend between groups being significant both in Series A and in the combined series (p< -o i).
(@) Depression (Table IIC improve. Series B was more depressed than its control before treatment, but improved soon after treatment; at the end of follow-up it was not significantly more depressed than the control series. In the combined series leucotomy patients did rather better than controls during the first year of follow-up, but at three years there was no significant difference.
The obsessions of four leucotomy and two control patients were rated 3 or more before treat ment. These obsessions improved markedly through follow-up in all except one control patient, and the course of phobias and anxiety in these patients did not obviously differ from that of the groups as a whole. Numbers are too small to merit further comment.
Work: (Table  hID) Information for this was less satisfactory than for symptom ratings, and disagreement between raters was greatest for these ratings; results in this section must, therefore, be interpreted with caution.
Leucotomy patients began with a poorer work adjustment than their controls. At one year follow-up they were rather better than controls, but for the rest of follow-up, the two groups were comparable and had quite good work adjustment.
Leucotomy patients thus improved more than controls, so that both eventually reached an equivalent rating; in the combined series the mean rating was rather more than 2, indicating mild-moderate dis turbance.
Though these ratings were less satisfactory than the others, results suggest that leucotomy patients whose phobias and anxiety changed, also improved in their work adjustment: thus they had not improved simply by leading a more limited existence. Better social function accom panied symptomatic improvement.
B. Percentages much improved
Another way of reporting results, used in some previous reports, is to give percentages much improved, rather than mean ratings. Our vs. @ per cent.; Workâ€"64 per cent. vs. 31 per cent.; Depressionâ€"62 per cent. vs. 14 per cent. (of those initially depressed). x2 tests on the counts from which these percentages were derived were significant for phobias and for work (p< .05), but not for anxiety. The failure of anxiety to reach significance resulted from
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results can be expressed in this way if an improvement of 2 or more in a rating is taken as â€oe¿ much improvedâ€•.
At three years' follow-up the following proportions of leucotomy and of control patients respectively were much improved: Phobiasâ€"64 per cent. vs. 31 per cent.; anxie@yâ€"@o per cent. 
SERES A (n13)
the partial relapse of several leucotomy patients after the first year. Mean period of follow-up was 8 years for leucotomy and 4 years for control patients (range 2 to i 3 years). By the end of follow-up half the leucotomy patients had been followed up for 9 or more years. Their mean ratings for phobias, anxiety, depression and work were very similar to those for the larger group at 5 years, suggesting that after this length of time their status as a group was relatively stable.
Too few control patients were followed up more than 5 years to warrant comment. had a bimedial leucotomy. Immediately after operation,rathermore patients of SeriesA than B were apathetic, and more of SeriesB than A were disinhibited. By threeto fiveyears'follow-up, phobias and anxiety in Series A did rather better than in
C. Readmissions after treatment
SeriesB, but the differences and the numbers of patients are both small and firm conclusions cannot be drawn.
VARIABLES ASSOCIATED WITH OUTCOME
A. Effects of initial depression on subsequent ratings (Table III and Fig. 2 ).
Leucotomy patients were divided into those rated depressed before treatment (rating of 3 or more) and those who were not (rating of i). Phobias of patients originally depressed were no worse at three months than those of patients who were not, but phobias failed to improve thereafter in depressed patients, while phobias in patients originally free from depression went on improving. The difference throughout follow-up was just short of significance (p <.â€˜).
At follow-up, anxiety also improved less in the four patients who were originally depressed than in those who were not. The difference, however, was less than for phobias, and was not significant.
Patients who were originally depressed lost some depression after operation, but remained more depressed than those patients who began without depression. B. Effects of Premorbid Personality (Table IV) . All patients were classified, before their outcome was known, into those with anxious and those with sociable premorbid personalities. with the eventual course of phobias than with that of anxiety, and this association was not apparent until after the three months assessment.
As a group, patients with anxious person alities had more depression both before and after operation.
However, their poorer outcome was
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more up to three years (p< -05). An.@iety improved equally in both personality types up to three months; thereafter it continued to improve in sociable patients, but not in the others. This difference did not reach significance. Previous personality was thus associated more 
L EUCOTOMY

Control patients included 9 with anxious and 2
with sociable personalities. The effect of personality after control treatments was similar to that found in leucotomy patients, but the small numbers do not merit detailed comment.
Leucotomy vs. Controls
Leucotomy patients did better than controls with respect to phobias and anxiety, whether they had sociable or anxious personalities. For sociable patients numbers were too small for tests of significance. For patients with anxious personalities, the difference for anxiety reached a trend level (p< .1).
C. Association of age, symptom duration and outcome
Both in leucotomy and control groups, mean age at treatment, symptom duration and age at onset were very similar in patients who were much improved and in those who were not improved.
SIDE EFFECTS OF LEUCOTOMY
A. Immediateâ€"features found in the first three months
Immediately after operation one patiert had a transient strabismus, another a meningeal reaction and another had headaches. Transient organic psychological features were found in five patients who were confused for several daysâ€"of these patients one had a delusion about the identity of a nurse which gradually cleared over a month, one was enuretic and abnormally interested inhisfaeces for several weeks, one had a single episode of double incontinence. The course of these five patients resembled that of the entire leucotomy series.
Up to three months after operation, 5 patients showed excessive slowing and apathy. Of these patients, 4 had had sociable premorbid personalities, and none were depressed at the time of operation. At later follow-up they were all much improved with respect to phobias and anxiety (Table V) . In contrast, there were 6 other patients who during the same period showed transient disinhibition, euphoria and facile laughter, described by one patient as similar to the effect of intravenous methedrine. Four of these 6 patients had had anxious, shy premorbid personalities and all had been depressed at the time of operation. At later follow-up only one of these was much improved in phobias and anxiety (Table V) .
B. Changes after six months' follow-up
It is not always clear which changes result from leucotomy and which are part of the course of the disorder. Assessors rated all patients for obvious leucotomy effects after six months' follow-up on a i to 5 point scale, taking all varieties of effect together. Assessors did not know which patients had had a leucotomy and which were controls. Mean score for the leucotomy series was I .7, for the control series Table VIA .
Taking all varieties of effect together a x2
TAESJt V
Association of early postoperative state with outcome
(mean scores) irritability and outspokenness (i), slowness and apathy (i). Thus after six months' follow-up, more patients in the leucotomy series showed in creased outspokenness or irritability, apathy or emotional blunting, and poorer memory or concentration.
These were pronounced in only one patient, who complained that his knowledge of foreign languages had become impaired.
One woman who said her memory and concentration were poorer nevertheless managed to pass nursing examinations two years after the operation. Improvement was not related to the amount of personality change produced by the operation (Table VIB) . At three years follow-up the amounts of improvement of phobias and general anxiety were equivalent for each degree of â€oe¿ leucotomy effectâ€•. This accords with the improved work adjustment of these leucotomy patients at follow-up, and with findings of Birley (1964).Improvement in symptoms was thus not bought at the expense of a vegetative existence; on the contrary it was accompanied by a more active existence. The patients who could not work adequately were thosewho had retained their symptoms. It must be noted, however, that no patient in either series did highly skilled work; leucotomy might have impaired this more. For relatively undemanding occupations, however, the amount of personality change produced by leucotomy with these operations was not usually excessive, and did not prevent the patientfrom leadinga reason ably normal life again when the symptoms subsided.
The two patients with drug addiction and alcoholism after leucotomy had shown impulsive bad temper and heavy drinking before opera tion. The control who became a drug addict had had a previous admission for overt ag gression. These follow-up effects can therefore legitimately be regarded as arising more from their personality and illness than from their treatment. Eight patients showed increased outspoken ness and irritability; this produced difficulties occasionally, e.g. one school teacher found that in the first year she had an impulse to swear which could be difficult to restrain. Only two of these patients had been disinhibited im mediately after operation. As a group these eight patients did rather worse than the whole leucotomy series with regard to phobias and anxiety.
The Method
DiscussIoN
The two independent â€oe¿ blindâ€• raters reached good agreement about phobias, anxiety and de pression, and we consider that the relevant scales were reliable. A greater problem is their validity. Although these three symptoms are regarded as distinct to some degree, there was no consistent attempt to report them separately ir' the original notes from which we obtained our Another possible source of bias is that the leucotomy patients in both Series A and B had poorer work adjustment than the corresponding controls. Again, this is unlikely to account for our findings, because in a previous investigation (Gelder, Marks and Wolff, 1966) it was found that poor initial work adjustment is associated with worse, not better, outcome in patients with phobias.
Postoperative Course
In the early postoperative period there was a marked reduction of anxiety, which fell to a minimum at three months and remained fairly stable thereafter; this contrasted with the controls, who showed significantly less and more gradual reduction of anxiety over the first year of follow-up. This immediate reduction of anxiety after leucotomy accords with the findings of Kelly et al. (1966) , who tested a series of depressed and anxious patients before leucotomy and six weeks after operation. He found a signi ficant decrease in forearm blood flow, self-rating of anxiety, N score of M.P.I. and score on the Taylor Manifest Anxiety Scale. Levinson and Meyer (1965) also found a drop in N score and in score on the Taylor Anxiety Scale three weeks after leucotomy, and these changes were still present at nine months' follow-up.
The status of our patients up to three months after leucotomy was a poor guide to their long term prognosis.
In this early period an appar ently paradoxical reaction was sometimes found. Patients who were disinhibited at this stage had had anxious personalities and were depressed before operation; at 3â€"5 year follow up they did worse than other patients. Con versely, patients who were apathetic at this stage had had sociable personalities before leucotomy and their outcome at 3â€"5 year follow-up was good. These findings emphasize the importance of long-term follow-up.
Leucotomy patients did significantly better than controls throughout follow-up, both with respect to phobias and anxiety; this was accompanied by improvement in work adjust ment. Personality changes were mild or absent, but might have been more disruptive if patients had been in highly skilled occupations. Depressive symptoms were relatively un important in these patients, and the improve ment of phobias and anxiety was not simply the result of the natural remission of a series of severe depressions; on the contrary, the outcome was poorer in those patients who were depressed before operation.
How was Improvement Produced?
Did the leucotomy patients do better, not because of the operation, but because they received more intensive rehabilitation than the controls? Two factors make this unlikely. First, the greatest reduction in anxiety occurred shortly after operation, and there was little change thereafter; this suggests an effect of the operation itself rather than of the after-care. Secondly, the control group did receive in tensive treatment, both in hospital and after wards from outpatients and community services. Do the results of modified rostral leucotomies differ materially from those of bimedial leu cotomies? The former operation yielded slightly better long-term results than the latter for phobias and anxiety, but the differences were small. In the early postoperative period, modified rostral leucotomies produced rather more apathy, and bimedial operations rather more disinhibition, but the small numbers do not allow of definitive conclusions.
How did leucotomy produce improvement?
The operation aims to cut thalamo-frontal fibresthought to play a part in maintaining anxiety (Falconer and Schurr, â€˜¿ 959). The dramatic fall of anxiety, which was maximal soon after operation in both Series A and B points to a direct effect of the operation.
By contrast, phobias in both series improved more gradually, and maximal improvement was not reached for a year. This suggests that gradual relearning played some part in the improvement of phobias after operation had reduced the general anxiety. The course of several cases illustrates this. One patient had had three months' intensive behaviour therapy before leucotomy without lasting benefit; several weeks after leucotomy she had a further three months of behaviour therapy; this time she made good progress, until at one year she was almost symptom-freeâ€"her anxiety had been reduced immediately after operation, thus allowing retraining to proceed successfully. A second patient lost much of her anxiety im mediately after the operation, but did not lose her phobias until many months later, when in an emergency she ran alone into the street for the first time and found that she did not feel anxious; thereafter she gradually went out further. These patients illustrate the two factors which contributed to improvements: leucotomy reduced anxiety directly; once anxiety dimin ished, phobias improved gradually, at least partly through relearning.
Why did patients who had depression or anxious personalities before operation do less well eventually? Their phobias and anxiety did not continue to improve after three months, yet those of the sociable personalities did improve further. It seems likely that phobias changed less in patients who were depressed or had anxious personalities partly because they were less inclined to go out and thus met fewer opportunities for relearning, whilst active sociable patients met more opportunities for relearning to reduce their phobias. Depression may also have played a part by its association with increased anxiety, which in turn aggravated the phobias. It is relevant that in another series of agoraphobic patients (Gelder, Marks and Wolff, 1966) , poor outcome was associated with a high score on questionnaire items for de pressive, hypochondriacal and anxiety traits features similar to those now under consideration.
How can the present results, which favour leucotomy, be reconciled with those of other controlled investigations which have yielded negative results? The present study concerns a difierent operation and disorder. Other investi gations have been of standard leucotomy, the present deals with modified leucotomy; others have concerned heterogeneous series of schizo phrenics or affective disorders, the present deals with a fairly homogeneous group of severe agoraphobics, who generally respond poorly to other forms of treatment, including behaviour therapy (Marks and Gelder, 1965; Gelder and Marks, 1966) . A common history in these cases is that the patient begins to improve and then has a sudden unexpected attack of panic, in, say, a crowded shop, after which the patient will not venture out again into the shop for fear that the panic attack will recur there. Once severe general anxiety has occurred it is attached secondarily to its setting and a phobia has developed.
In patients with much general anxiety, desensitization becomes a sisyphean task because of the repeated regeneration of phobias. In the present series, as soon as leucotomy had reduced anxiety this obstacle was removed, and desensitization could then be applied usefully, as in the case described earlier.
These findings indicate that the leucotomy operation should be part of a wider treatment programme. Once anxiety falls after operation, patients should be retrained to go out; however, the pace of the retraining programme may need to be adjusted to the patient's personality. were treated by leucotomy. The need for careful selection is evident, based on duration of illness, severity of anxiety and previous personality, and there is a danger that a favourable report about any treatment may lead others to use it too widely. A recent leading artcle (Brit. Med. J., 1965) commented that â€oe¿ if it is true that the future of (leucotomy) lies in a modified surgical tech nique and in the more discriminating selection of patients, the burden of proof grows steadily heavier on the proponents of this procedureâ€•. The present study suggests that modified leucotomy has a useful part to play in highly selected patients with long-standing severe agoraphobia and anxiety. Its usefulness in other disorders cannot be inferred from the present evidence, but justifies further study of modified leucotomy in patients with severe chronic anxiety. modified leucotomy for anxiety and severe agoraphobia were compared with matched controls over a period offive years after treatment.
2. Leucotomy patients did significantly better than controls with respect to phobias and general anxiety; depression remained mild; work adjustment improved markedly. Per sonality changes after operation were mild and not related to outcome.
3. Maximum improvement of general anxiety occurred within the first three months, whereas phobias continued to improve after the first year.
4. Poorer outcome was associated with an anxious, shy, premorbid personality, prominent depression before operation, and disinhibition immediately after operation.
